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PREFACE 


In spite of the rapid progress of the cement-gun, or gunite, 
process of treating old and new concrete work, and the many 
remarkable instances in which it has enabled repair work to 
concrete, steel, cast-iron, and timber structures to be carried 
out satisfactorily, expeditiously and economically, there is very 
little published information on this subject available in a handy 
form for reference. It is therefore thought that this book will 
fill a gap in the literature of concrete, and will serve a useful 
purpose in describing the cement-gun (or gunite) process and 
in putting on record the methods employed on some recent 
contracts of more than usual interest. 

THE CONCRETE PROOFING CO. LTD. 

ioo Victoria Street, 

Westminster, S.W.i. 

February 1934. 
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Copies of this book are available for distribu¬ 
tion to engineers and architects contemplating 
using the cement-gun (or gunite) process. 
Requests should be made to The Concrete Proofing 
Co. Ltd., ioo Victoria Street, Westminster,S.W. i. 
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INTRODUCTION 


The Origin of the Cement Gun or Gunite. 

Until reinforced concrete was introduced some thirty years 
ago the use of concrete as a structural material was chiefly 
confined to harbour works, dams, and foundations, and it was 
only the engineers engaged on the two former classes of work 
who regarded a high density as an essential feature of first- 
class work. To these engineers a dense concrete meant in¬ 
creased stability and reduction in cost of massive structures, 
while others, the majority, were content if the use of concrete 
enabled them to build retaining walls and wall and stanchion 
foundations which would save the cost of expensive brickwork 
and yet have adequate strength to transmit the superimposed 
loads to the ground. For this purpose concrete was commonly 
placed in a somewhat dry condition and ramming was specified, 
but the latter operation seldom produced a very dense con¬ 
crete. 

After the introduction of reinforced concrete, in which the 
sections are much thinner than in mass-work, it was not at 
once realized that density was the most important factor if 
the structure was to have a long life. The new type of concrete 
work contained reinforcement that was only covered by f-in. or 
i in. of concrete as a protection against atmospheric corrosion, 
and the dry honeycombed concrete of former days was found 
to be no longer suitable since it offered only a very slight 
opposition to the ingress of water to its pores. Knowing 
that contact with water, or even with damp air, would quickly 
cause the steel reinforcement to rust and expand, thus breaking 
off the concrete surrounding the bars, engineers drew up more 
rigid specifications to ensure that the concrete would be free 
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from voids and the reinforcement adequately covered. Con¬ 
tractors also soon learned that reinforced concrete work requires 
special supervision and care in execution if the surfaces of 
beams and columns and the soffits of slabs are to be free from 
honeycombing. Greater care in proportioning the primary 
materials to obtain a very dense concrete also conduces to the 
same end. 

In the few exceptional cases where care was lacking, rusting 
of reinforcement and spalling of concrete have occurred, and 
much expense has been incurred in strengthening the 
deteriorated structures. 

At one time it was thought that it would be sufficient to 
stop honeycombing and larger holes with a rendering of Port¬ 
land cement mortar applied by plasterers, but this has proved 
very expensive and is of little use, since it is almost im¬ 
possible to make a satisfactory patch joint of this kind that 
will not become loose after exposure to atmospheric or sea 
action. 

The only satisfactory method of permanently repairing 
deteriorated reinforced concrete structures is to apply gunite 
—a dense, finely-graded cement concrete projected into place 
under pressure by means of the pneumatic apparatus known 
as the cement gun. 

The most notable characteristics of the operation are that 
the materials are “ blown ” into position in a continuous stream 
with great force, and that the quantity of water may be kept 
to the minimum necessary for hydration. The combination 
of high pressure and a minimum of water results in the pro¬ 
duction of a homogeneous concrete of very high density, with 
remarkable and lasting qualities of adhesion to the surface 
to which it is applied. 

As a result of its great density gunite is highly impermeable, 
and is thus of special value for waterproofing work; the 
compressive and tensile strengths of gunite are also considerably 
in excess of those of concrete placed by hand, as is shown 
by the test results given in Chapter VI. Furthermore, these 
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qualities of density and adhesion make it an extremely durable 
material for use in superficial applications. 

Materials and Proportions. 

The materials of which gunite is composed are Portland 
cement, sharp sand, and water, the selection of a suitable 
sand, graded from f-in. to “fine” and free from impurities, 
being of the first importance in securing good results. 

The cement and sand are proportioned in the ratio of one 
to three and are thoroughly mixed and screened before they 
are charged into the gun. They are then carried in a steady 
stream through the flexible delivery pipe leading to the point 
where the nozzle operator directs the discharge jet at the 
surface to be coated, the particles impinging on this with 
considerable force. While the current of material passes 
through the nozzle a group of finely-divided pressure sprays 
introduces the water required for hydration of the cement, 
and this is intimately mixed with the particles of cement. 


Method of Operation. 

The pressure employed at the gun is usually between 33 
and 40 lb. per square inch, and can be varied according to 
requirements. Since the volume of water used is under the 
close control of the -nozzle operator, there is no need to use 
excess water to secure workability, the impinging force of the 
jet of materials being sufficient to ensure that the gunite 
is thoroughly consolidated and homogeneous. 

Reinforcement. 

Steel reinforcement is employed in situations where gunite 
is required to withstand structural or temperature stresses ; 
this usually takes the form of electrically welded steel mesh 
fabric, of weight and type dependent upon the circumstances 
peculiar to each case. 
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Applications of Gunite. 

When severe percolation is met with in waterproofing work, 
as in reconditioning defective reservoirs or in lining tunnels, 
a liquid waterproofing compound can be employed if con¬ 
sidered desirable, this being mixed with the gauging water in 
suitable proportions. It is usually found, however, that the 
inherent impermeability of ordinary gunite is sufficient to 
provide adequate protection against percolation of water. 

One extremely valuable field for the process is in the repair 
of early reinforced concrete structures in which deterioration 
has set in due to the oxidation of the reinforcement and sub¬ 
sequent spalling of the concrete surface. In such cases a 
gunite casing can be used with complete confidence in the 
bond between new work and old, and the life of the structure 
may thus be prolonged indefinitely. 

Owing to its toughness, gunite is notably resistant to the 
abrasion encountered in raw coal bunkers, and provides an 
excellent anti-abrasive lining in such structures. Its dense 
impenetrable surface also resists the attack of flue gases and 
some acids for prolonged periods. This resistance is parti¬ 
cularly marked in chimney linings if aluminous cement be 
employed. Here also the insulating properties of gunite are 
invaluable. 

The following are examples of the wide range of uses to 
which gunite has been applied : 

(1) Reconditioning of reservoirs and the internal re¬ 
construction of aqueducts. 

(2) Repair and strengthening of early reinforced con¬ 
crete structures, such as jetties, gantries, silos, etc. 

(3) Lining steel chimneys, coal bunkers, gas washers, 
tar tanks, etc. 

(4) Encasement of structural steelwork for strengthen¬ 
ing or protection. 

(5) Waterproofing tunnels, and 

(6) Refacing of sea walls, dams, etc. (this work is usually 
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combined with the injection of cement grout into the 
interior of the structure). 

The outstanding features of gunite concrete may be tabulated 
as follows : 

(1) Density. (Impermeability, strength, resistance to 
abrasion, insulation (fireproofing), durability.) 

(2) Adhesion. (Excellent bond with concrete, steel, 
brick or timber.) 

(3) Ease of execution. (Materials forced from ground 
level to site pneumatically, flexible delivery hose, no 
hoisting, no shuttering, very light scaffolding.) 

In a condensed description of the process the entire field 
of the employment of gunite cannot be covered and it is usually 
advisable to consult a reputable firm of gunite specialists 
regarding any particular problem that is under consideration. 
By doing so advantage may be taken of the services of the 
experienced operators who are essential to secure successful 
results. 



CHAPTER I 


RECONDITIONING RESERVOIRS AND 
WATER TOWERS 

The water supply system of many cities and towns still includes 
aqueducts and service reservoirs built seventy or more years 
ago, some of which are in a remarkably good state of preserva¬ 
tion, whereas others have developed serious leaks due to the 
decay or washing out of the lime mortar used in the brickwork 
or to cracks caused by unequal settlement or contraction 
stresses. So badly damaged are some of these structures and 
so great is the waste of water that the waterworks engineer is 
compelled to face the problem of replacing them by new 
structures. This, of course, is not always possible, the cost 
being too great in many cases. 

Replacement can now be avoided and reconditioning so as 
to reduce leakage to a minimum can be executed at a small 
cost by using gunite. 

Reservoirs at Burnhead. 

An interesting example of the application of gunite in this 
class of work is the repair of the two service reservoirs of the 
Blairgowrie, Rattray and District Water Board’s works at 
Burnhead. The two reservoirs, one 38 ft. 6 in. by 16 ft. 3 in. 
and the other 79 ft. 6 in. by 41 ft, 8 in., in each case holding 
approximately 10 ft. of water, are divided by a masonry wall 
approximately 2 ft. 6 in. thick rendered with cement on one 
side only. These were found to be leaking at the rate of 
60,000 gallons daily. 

The larger reservoir, constructed about 40 years ago, had 
masonry walls with an ordinary brick facing 4-J in. thick and 
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a concrete floor. The lime mortar of the brick facing had 
perished and serious leakage was occurring through the joints. 
The concrete floor was also badly cracked in several places. 

In the smaller and older reservoir, constructed about 1880, 
the walls were of masonry and the lime mortar joints had 
perished, while the floor, consisting of pavement slabs, was 
also leaking badly. In consequence of the leakage Mr. George 
Baxter, O.B.E., A.M.Inst.C.E. (Water Engineer to the Corpora¬ 
tion of Dundee), who was acting as Consulting Engineer to the 


Fig. 1.-—Reservoir at Burnhead. 

Water Board, prepared a scheme for the reconditioning of 
the reservoirs, and after tenders had been considered ,the work 
was entrusted to The Concrete Proofing Co., Ltd. 

In the case of the larger reservoir the reconditioning work 
consisted of new internal mass concrete walls, 18 in. thick by 
7 ft. high around three sides of the reservoir (Fig. i), the laying 
of a new reinforced concrete floor 4 in. thick, and a i-in. thick 
gunite rendering to the entire new and existing surfaces. 

In the case of the smaller reservoir the reconditioning con¬ 
sisted in laying a new reinforced concrete floor to a thickness 
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of 4 in., the placing of a i-in. gunite rendering to the new floor 
and a i J--in. reinforced gunite rendering to the existing masonry 
walls. 

Work was commenced by the contractors on July 3, 1933, 
and completed on August 4, 1933. The reservoirs were tested 
for water-tightness on September 25, 1933, the leakage being 
negligible. 

Repair of Water Tower. 

The Lansdown Water Tower of the City of Bath Corporation 
(Fig. 2) was repaired under the direction of Mr. C. Busfield, 
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A.M.Inst.C.E., the Waterworks Engineer, and is an interesting 
example of the rapidity witli which restoration can be executed 
with gunite. Although this structure extends to 60 ft. above 
ground level and the tank has a capacity of 110,000 gallons, 
the whole’of the walls, roof, and floor (a total area of 545 square 
yards) were surfaced with gunite in 5^ days. Before the treat¬ 
ment was adopted there was considerable leakage through the 
construction joints and through the floor, and the reinforcement 
had commenced to rust. A i-|- in. thickness of 3 : 1 reinforced 
gunite was applied over the construction joints, and a f-in. 
surfacing of unreinforced gunite on the remainder of the walls, 
the floor, and the underside of the roof. Tricosal S2 water- 
proofer was used in the water for hydration and the work 
proved thoroughly satisfactory, no leakage being recorded on 
completion. 



Fig. 3.—Reservoir at Littlehampton rendered with Gunite. 


Waterproofing New Reservoirs after Test. 

Newly completed reservoirs when first filled may exhibit 
leaks due to small shrinkage cracks or permeable concrete. 
In many cases the rate of leakage decreases due to sealing in 
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a few days and reaches a constant and permissible value, but 
where this does not occur a waterproof lining is necessary. 
This can be best and most economically supplied by an applica¬ 
tion of gunite containing, say, Tricosal waterproofing com¬ 
pound, a method which has been proved to be perfectly effective 
on a large number of contracts. 

At the Batworth Park Reservoir of the Littlehampton 
U.D.C. (Fig. 3), a reinforced concrete structure with a capacity 
of 1,000,000 gallons, a gunite surfacing, consisting of a {-in. 
slurry coat of 2 to 1 cement mortar containing Tricosal S3 
waterproofer, was applied to avoid any possibility in the future 
of corrosion of the steel reinforcement. The area treated was 
6,000 square yards and the work was completed by The Con¬ 
crete Proofing Co., Ltd., in four weeks under the direction of 
the consulting engineers, Messrs. Howard Humphreys & Sons, 
MM.Inst.C.E. On completion there was no leakage, and no 
damp patches appeared on the outer surfaces of the walls. 


CHAPTER II 


REPAIR OF MARINE STRUCTURES 

Among the more important duties of the harbour engineer is 
the upkeep of jetties, wharves and crane gantries, for if these 
are not in good condition the revenue of the port is directly 
affected. Until the process of guniting was developed a fre¬ 
quent difficulty was to find a means of effecting sound and 
lasting repairs without closing the structure to traffic for the 
period of the work, and badly needed repairs were often post¬ 
poned until, in some cases, complete reconstruction was the 
only possible course to adopt. This naturally led to very 
inefficient working of the jetty or wharf during the interven¬ 
ing years. Reconditioning of a concrete structure by gunite 
can be employed with very little inconvenience to the ordinary 
routine of the port, and has been successfully adopted in 
many cases. 


Jetty at Shoeburyness. 

A typical application of this system was the reconditioning 
of the reinforced concrete jetty at Shoeburyness, Essex, for 
H.M. War Department (Fig. 4). This jetty, which was built 
in 1909, is 350 ft. long by 27 ft. wide by 18 ft. high, and 
carries two 4 ft. 8| in. railway tracks, the head being splayed 
out to a width of 100 ft. 

An examination of the structure showed that there had been 
considerable spalling of the concrete and rusting of the steel 
reinforcement between high-water mark and a distance of 
about 7 ft. below this point. This deterioration was attri¬ 
buted to insufficient cover on the reinforcement, which had 
been the direct cause of moisture reaching the steel and caus- 
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Fig. 4. H.M. War Department Jetty at Shoeburyness 
reconditioned with Gunite. 



Fig. 5.—H.M. War Department Jetty at Shoeburyness : 
Beams before Guniting. 
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ing it to rust. All the beams and rail bearers were constructed 
with flat stirrups as shear reinforcement, and the extent of 
the defects in these members (Fig. 5) was greater than in the 
piles, in which round links had been used. Deterioration in 
the outer piles was most severe on the south-east side of the 
pier, where temperature cracks appeared as a result of exposure 
to the sun. 

The Superintending Engineer decided to recondition this 
jetty with reinforced gunite, and a contract for this was let 
to The Concrete Proofing Co., Ltd., the treatment being briefly 
as follows. 

All disintegrated concrete was first removed by pneumatic 
hammers, and the rust scaled off the exposed existing steel. 
Reinforced gunite to an average thickness of 2 in. was then 
applied over the whole area (Fig. 6), the members being thus 
increased by some 3 in. in size. This work was carried out 
from July to November 1930 inclusive, and was completed 
one month under the contract time notwithstanding the stormy 
weather which intervened. 

The treatment proved very successful, and examinations of 
the jetty both at the expiration of the maintenance period 
and at various later dates show that the structure is as sound 
as when new. 

Sea Wall at Brighton. 

During the reconstruction of Madeira Drive, Brighton, it 
was found that the old sea wall was cracked in numerous 
places, the surface of the concrete had disintegrated in course 
of time, and the mass concrete was of very porous texture. 
The Borough Engineer, Mr. D. Edwards, M.Inst.C.E., de¬ 
cided to strengthen the wall throughout in order to enable it 
safely to carry the increased loads to which it would be sub¬ 
jected when the extension works had been completed. The 
strengthening was carried out as follows. 

The first step was consolidation of the mass concrete by 
cementation. For this purpose holes were drilled from the 
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Fig 6. — H.M. War Department Jetty at Shoeburyness : 
Applying Gunite Rendering. 


face and the top of the wall at frequent intervals, and liquid 
cement grout was injected through pipes under pressure until 
all voids and cracks were filled (Fig. 7). The exposed front 
of the wall was then re-faced with a i|-in. layer of reinforced 
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Fig. 7.-Grouting Sea Wall, Madeira Drive, Brighton. 










l*i£. 8. Colonnade at Brighton with White Concrete Gunite Rendering. 
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gunite, particular care being exercised at the cracked portions. 
The old sea wall, together with the new reinforced concrete 
Lower Promenade and its columns, were treated with a special 
white Snowcrete rendering of gunite, with very pleasing results 
(Fig. 8). Another interesting feature of this work was the 
encasement in reinforced gunite of the structural steelwork 
at the junction with Palace Pier. It is some four years since 
the work was completed by The Concrete Proofing Co., Ltd., 
and it has proved very successful. 

Encasing Timber Piles at Blyth. 

Old timber structures which have been attacked by marine 
organisms can be protected with gunite to prevent further 



Fig. 9. — Timber Coaling Staithes at Blyth Repaired and Protected 

with Gunite. 


damage occurring. As the following description shows, gunite 
encasement can be placed in a much shorter time than is 
required when shuttering is erected and the concrete is placed 
in the ordinary manner. 

At Blyth Harbour, Northumberland, the north side coaling 
staithes were constructed for the North-Eastern Railway Com¬ 
pany in 1896 and consist of a gantry approximately 40 ft. 
high carrying standard-gauge tracks for coal trains (Fig. 9). 
The staithes are supported by trestles of timber piles con¬ 
structed by the Harbour Commissioners at approximately 
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15-ft. intervals, each trestle containing four or more 12-in. 
by 12-in. pitch pine piles. All timber work below H.W.M. 
in the harbour has been subject to the attack of the marine 
borer Limnora lignomm , and the ravages of this insect began 
to show on the piling of the staithes some years ago. It was 
necessary to protect the piles by some form of sheathing or 
encasement before the damage became serious, since the 
daily operation of coaling vessels would prevent putting the 
staithes out of service in order to drive new piles if the existing 
ones became so badly eaten away as to require replacement, 
and sheathing the piles in concrete from about half-tide level 
down to the river bed was started, the concrete cover allowed 
being about 3 in. in thickness placed behind shuttering. Nails 
were driven into the piles at 2-in. centres with the heads left 
projecting in order to give a bond between the timber and the 
casing. 

The erection of the shuttering and the concreting below 
L.W.M. were carried out by a diver and that above L.W.M. 
was done off floats at low water, the whole of the work being 
done departmental^. 

This method proved very satisfactory, .but it had some 
minor drawbacks which in practice were of importance. 

Above L.W.M. there were a number of diagonal and trans¬ 
verse ties and rakers which necessitated repeated alteration 
of the shuttering panels. This not only increased the cost of 
the work, but also considerably retarded progress. To avoid 
this the Harbour authorities decided to experiment with the 
cement gun for the portion of the work above L.W.M., in the 
expectation that the concrete could be placed very rapidly 
and that shuttering could be dispensed with altogether, thus 
avoiding all delays. The results of this experiment surpassed 
expectations, and a contract was accordingly placed with The 
Concrete Proofing Co., Ltd., for the casing of over 300 piles 
for an average height of 7 ft. above L.W.M. 

In carrying out the work the cement gun plant was erected 
on the lower deck level and piles were reached off rafts, the 
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whole of the work being done by tidal shifts. Each pile was 
first scraped and scrubbed with wire brushes to remove limpets, 
borers, slime and dirt, after which 2-|--in. clout nails were driven 
in at 4 in. centres and a light welded steel fabric with a 2-in. 
by 2-in. mesh of 16-gauge galvanized wire was wrapped around 



Fig. 10.—Guniting a Timber Pile at Blyth Harbour. 


the pile and secured to the nails. The pile was then hosed 
down with an air and water blast, and the gunite casing shot 
in a single coat to a thickness of 1^ in. (Fig. 10). Ihe mix 
used was 3 parts of sand from $-in. down to 1 part of rapid¬ 
hardening Portland cement. This hardened sufficiently to be 
undamaged by the rising tide and no protection was found to 
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be necessary, wave action being absent in this part of the 
harbour, fhe speed at which the work was executed may be 
gauged by the fact that a total of 317 piles were cased in a 


Fig. 11. — Timber Piles Repaired and Protected with Gunite at Blyth 

Harbour. 

period of two months, the inclusive cost being considerably 
less than that of pouring the encasement behind shuttering 
(Fig. 11). 



CHAPTER III 


TUNNEL LININGS 
The Mersey Tunnel. 

The new Mersey Tunnel between Liverpool and Birkenhead 
not only serves to connect these important centres, but in 
addition links up the western highway systems which were 
formerly to a great extent severed by the River Mersey. 

This project is one which presents such considerable interest 
to every engineer, on account of the magnitude and the varied 
constructional features employed, that a few details may not 
be out of place here. The tunnel is not only the largest road 
tunnel, but it is also the largest sub-aqueous tunnel in the 
world. Commenced in 1925, the gross expenditure involved 
is in the neighbourhood of £7,000,000. 

The main through tunnel is of circular cross section of cast- 
iron segments 44 ft. internal diameter accommodating four 
lines of traffic, while branch tunnels for slow traffic from the 
docks are provided at each side of the river ; these latter 
are 26 ft. 6 in. in diameter, for two lines of traffic. The 
Engineers to the Mersey Tunnel Joint Committee are Sir Basil 
Mott, PP.Inst.C.E., and Mr. John A. Brodie, PP.Inst.C.E., 
and the late Mr. B. H. M. Hewett, M.Inst.C.E., was Engineer- 
in-Charge. The main constructional contractors are Messrs. 
Edmund Nutt all, Sons & Co., Ltd., of Manchester, and Sir 
Robert McAlpine & Sons, of London. 

Interior Cement-Gun Rendering. 

One of the distinctive features of the tunnel lies in the 
interior finish adopted. The cast-iron segments of which the 
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tunnel is constructed are filled with concrete to flange level, 
and it was decided after extensive experiments to apply an 
interior finish of cement-gun rendering over the whole surface 
above the roadway with the exception of a dado 7 ft. in height. 
Consequent on this work being put to tender in two sections 
by the main contractors, both sub-contracts were placed with 
The Concrete Proofing Co., Ltd., and provided an opportunity 
for the use of the cement gun on an extensive scale. The 


By courtesy of the Mersey Tunnel Joint Committee. 

Photograph by Stewart Bale. 

Fig. 12. — Applying Gunite Lining to Mersey Tunnel. 

work consisted of the application of a gunite rendering to the 
roadway arch (Fig. 12), and extended over the whole length 
of the main tunnel and the two dock branch tunnels, a total 
distance of 2-62 miles. The gross area treated was approxi¬ 
mately 80,000 super yards, and formed one of the most im¬ 
portant contracts for cement-gun work so far carried out in 
this country. In the under-river section a rendering 1 in. 
thick was used, and a thickness of f-in. in the land approaches. 
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The treatment was varied in some portions to suit circum¬ 
stances. The proportions of sand and cement were 3 : 1 
throughout the work. 


Bv courtesy of the Mersey Tunnel Joint Committee. 

Photo by Stewart Bale. 

Fig. 13.—Gunite Lining to Mersey Tunnel : Fixing Steel Mesh to 
receive Rendering. 


Reinforcement was used wherever the conditions were liable 
to give rise to future hair-cracks, and this extended over 
approximately 50,000 super yards of surface. Maxweld electri¬ 
cally welded steel mesh 6 in. by 3 in. by No. 10 gauge was 
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attached to the concrete filling by wires grouted into holes 
drilled in the concrete, and then firmly secured in its correct 
position with Rawlplugs and No. 9 screw nails (Fig. 13). For 
the main tunnel under the river the reinforcement was gal¬ 
vanized to eliminate the danger of rusting in the event of 
water gaining access to it under the high pressures which 
prevail in this portion. 

A liquid integral waterproofer, Tricosal S2, was extensively 
used. This was proportioned in the high-pressure water supply 
and was applied to an area of about 48,000 super yards. 

The rendering was commenced early in May 1932, the work 
proceeding continuously by day and night shifts. Six cement- 
gun outfits were in constant use, and spare machines were 
kept available for immediate exchange in the event of 
mechanical repairs being required. In this manner no time 
was lost through breakdowns and it was possible to keep all 
the guns in good condition. A number of other methods 
were employed for providing increased efficiency, and as a 
result of this it was possible substantially to complete the 
work in October 1932, or one month in advance of the contract 
time. 

For scaffolding light-timber gantries were mounted on wheels 
and built up by means of Rap-rig sections to suit the perimeter 
of the tunnel. These stages were made convertible for use 
in either the main 44-ft. tunnel or the 26-ft. 6-in. slow approach 
tunnels. They were very serviceable, and their mobility 
greatly facilitated the execution of the work. 

Compressed air for operating the cement guns was supplied 
by the main contractors from their installations on each side 
of the river, and lighting was provided by 500-watt portable 
floodlights mounted on trestles. 

The lining of the tunnel is completed by a coat of “ Astro- 
plax ” plaster laid on a bonding coat of “ Indasco ” emulsion, 
and the effect of this treatment is very pleasing, as shown in 
Fig. 14. 

In addition to the main roadway contracts a number of 
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shafts and adits of the emergency exit and ventilating systems 
were lined with gunite, the type of lining employed depending 
on the particular conditions prevailing in each. 



By courtesy of the Mersey Tunnel Joint Committee. 

Photo by Stewart Bale. 

Fig. 14.—-Mersey Tunnel : Gunite Lining Completed. 


The frontispiece shows the work in progress on one of the 
adits — a 10 ft. 6 in. diameter cast-iron tunnel being lined with 
reinforced gunite. 


Cast-iron Tunnels. 

Condensation which occurs in tunnels is always a factor to 
be reckoned with, but more especially in the case of cast-iron 
tunnels where corrosion is bound to take place on the segments 
in the course of time. This is usually dealt with by periodical 
painting with anti-corrosive solutions, but the recurring cost of 
such treatment is a serious item, whereas a lining of gunite 
will effectively prevent corrosion for a considerable number 
of years at a much lower cost. A typical example of this is 
Thirlmere Aqueduct, a 14-ft. 6-in. internal diameter cast-iron 

c 
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tunnel carrying three 40-in. diameter pipes (under the 
Manchester Ship Canal). The condensation here was very 
high and the engineer, Mr. W. F. H. Creber, M.Inst.C.E., 


Fig. 15.—Thirlmere Aqueduct : Cast-iron Tunnel Lined with Gunite. 


decided to line it throughout with a i-in. coat of gunite and 
thus avoid periodical treatment to contend with the corrosion 
(Fig. 15). The work was carried out by The Concrete Proofing 
Co., Ltd. 






CHAPTER IV 

CULVERT LININGS 


Normally the small diameter of a culvert is a considerable 
obstacle to placing a concrete lining, and the lack of headroom 
and working space makes this class of work unduly expensive. 
When guniting is employed for this purpose expensive centering 
and special tracks for conveying the concrete are no longer 
required. 

Lining to Brick Culvert at Preston. 

On a section of the Langden Culvert of the Preston Corpora¬ 
tion Waterworks, Mr. E. C. Oakes, M.Inst.C.E., the Water¬ 
works Engineer, decided that a gunite lining could be formed 
in the old brick structure, and the work was carried out under 
his direction by The Concrete Proofing Co., Ltd. 

The culvert, which carries the greater part of Preston’s 
water supply, is a 4-ft. diameter circular brick structure built 
64 years ago, and was in a somewhat deteriorated condition. 
The culvert was not originally intended to act as a pressure 
conduit, but due to a rearrangement of the supplies from the 
catchment grounds to the main storage reservoirs at Longridge 
it will eventually become necessary to convert this culvert to 
a pressure line capable of withstanding a head of 200 ft. of 
water. 

The section which passes under the railway line to Longridge 
presented some difficulty, and it was decided to reconstruct 
this by lining it with 3 in. of reinforced gunite, this forming 
a new 42-in. diameter concrete culvert inside the old brick 
structure. The reinforcement employed consisted of high 
tensile steel made up into two helices, an inner and an outer 
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Fig. 16.—Gunite Lining to Culvert, for the Preston Corporation. 
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layer, with crimped distributors in each layer which also acted 
as distance pieces (Fig. 16). The gunite was generally applied 
in three coats, and was brought to a true circular finish witli 
the aid of steel angle screeds and wood floating. 

As this lining has proved very successful, the Engineer has 
decided to deal in similar fashion with the 4-ft. diameter brick 
culvert connecting Spade Mill and Alston reservoirs, a total 
length of i-J miles across pasture country and at some distance 
from any means of access. 

In this case the 3-in. gunite lining is designed to carry a 
working pressure of 50 lb. per square inch throughout and the 
reinforcement consists of f-in. high tensile-fteel hoops at 
3^-in. pitch with longitudinal bars of J in. mild steel fixed to 
the brickwork by " T Vin. diameter galvanized steel ties. 
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CHAPTER V 



RESISTANCE TO ABRASION, CORROSION, 
AND FIRE 


Plain concrete and, in later years, gunite have been used for 
the protection of steelwork against abrasion, corrosion, and 
lire. Resistance to abrasion is an essential feature in bunkers 
and silos for the storage of coal at power-stations and in coke 
hoppers at gas works, while deterioration by corrosion or 
destruction by fire are risks which must be guarded against 
in all industrial structures and buildings used as offices, ware¬ 
houses, etc. 

Furthermore, experiments at the National Physical Labora¬ 
tory have definitely shown that not only are new steel members 
when encased in gunite increased in strength, but that (within 
reasonable limits) corroded steel members with the addition 
of correctly designed reinforcing steel in the encasement can 
be restored to their original strength. 

At power-stations, steelworks, gas works, and many industrial 
plants, decay in a steel structure is due to the combined effects 
of abrasion and corrosion, particularly when materials are 
stored in elevated hoppers situated in an atmosphere laden 
with steam or fumes or exposed to the weather. Exposure 
of steelwork to chemical action over a period of years has a 
highly destructive effect, which can only be avoided by frequent 
painting with acid resisting paint or by initial encasement in 
dense concrete. Whereas painting must be repeated every few 
years, concrete encasement eliminates all maintenance costs, 
and preserves the steel untarnished. There are many cases on 
record where steel has been removed from its concrete casing 
after a period of years and found to be uninjured in any way. 
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Examination of many steel structures which had been left 
unpainted for some years has shown that the sectional areas 
of the members were greatly decreased even in a relatively 
pure atmosphere. Concrete, on the other hand, is not affected 
by atmospheric action, becomes harder and stronger with time, 
and does not require maintenance. There is therefore no 
risk of loss of strength in steelwork enclosed in dense concrete 
such as gunite. 



While no building material is actually fire-proof, concrete 


possesses the highest resistance of all to attack by fire. In 
addition to being incombustible, concrete has a low coefficient 
of thermal conductivity and a low coefficient of expansion, 
the latter being practically the same as that of steel. For 
this reason there is no danger of steel separating from its 
encasement of concrete when a fire occurs. Even in the most 
intense heat, as proved by the great fire in the Edison Works 
in the United States, concrete does not spall off except where 
corners and edges are exposed. 

During a fire in the Pennsylvania State College, U.S.A., the 
upper story, where inflammable chemicals were stored, was 
completely destroyed, but the concrete floor prevented the 
fire from extending downwards and the remainder of the 
building was saved from destruction. A similar effect was 
produced during a fire at the Guildhall, Bath, where a concrete 
floor prevented the flames piercing into the Town Clerk's 
office, which would certainly have been involved but for the 
fire-resisting floor. 

For several years gunite has been extensively and successfully 
used as a means of protecting steelwork against the corrosive 
action of water, acids, and other chemicals, and a reinforced 
gunite lining has been placed in steel chimneys, bunkers, ash 
hoppers, etc., in many power houses throughout the country 



Lining to Bunkers at Power Station. 

As an example of this class of work the placing of a 2-in. 
reinforced gunite lining in four steel bunkers at the generating 
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station in Milllields Road, for the Electricity Department of 
the Metropolitan Borough of Hackney, may be described. In 
this case the gunite lining was employed not only as a protec¬ 
tion of the steel plates against corrosion, but also against the 
abrasive action of the coal in sliding over the plates. An 
essential point in work of this nature is to obtain a thoroughly 
clean surface, and accordingly the steel plates were first cleaned 


Fig. 17.—Gunite Lining to Steel Bunkers at Hackney Electricity 
Works : Reinforcement Welded in Position. 

with scrapers and wire brushes to remove coal or coke deposit, 
rust, scale, or other loose material adhering thereto. On com¬ 
pletion of this initial cleaning an electrically welded mesh 
consisting of T Vin. diameter rods at 3-in. centres in both 
directions was placed in position over the steel plates of the 
bunkers, and securely and permanently fixed to them by spot 
welding (see Fig. 17). 

The bunker plates were then ready for the application of the 
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gunite, which was shot on in two coats at a pressure of approxi¬ 
mately 35 lb. per square inch. The first coat was approxi¬ 
mately if in. thick and thoroughly incorporated the reinforce¬ 
ment. This coat was brought to an even surface by lightly 
screeding over with a straight edge. The second and final 
coat, which brought the gunite lining to a finished thickness 
of 2 in., was then applied (Fig. 18) but no trowelling or screeding 
was allowed on this coat (Fig. 19). 


Fig. 18. - Applying Gunite Lining to Steel Bunkers at Hackney 
Borough Council Electricity Works. 

In addition to the gunite lining, the steel angle ties and 
cross stays of the bunkers were encased in concrete. After 
the angles had been cleaned reinforcing fabric was wrapped 
round them (Fig. 17) and wooden shuttering was placed in 
position on the bottom and two sides of the angle (Fig. 18). 
The concrete was then poured to produce the finished rectangular 
beam (Fig. 19). The mix used both in the gunite lining and 
in the concrete encasement of the steel members was 3 parts 
of sand from § in. down to 1 part of slow-setting Portland 
cement. This work was carried out by The Concrete Proofing 
Co., Ltd. 
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Fig. 19.—Completed Gunite Lining of Steel Bunkers at Hackney 
Borough Council Electricity Works. 


Encasing Steel at White City Stadium. 

The value of gunite for the protection of steelwork against 
corrosion, abrasion, and fire has been already dealt with, but 
it is only recently that any account has been taken of the 
additional strength which this encasement gives to existing 
structures. 

A recent example of this class of work is illustrated by a 
contract executed at the White City Stadium, London, which 
is a steel structure of considerable magnitude, oval in plan 
(formed of two straights and two semicircles) and having a 
mean perimeter of 2,240 ft. 

The terracing consists of thirty-three concrete steps, each 
having a rise of 12 in. and a going of 2 ft. 4 in. and is carried 
on steel frames placed at 20 ft. intervals. Each frame is 
composed of a 15-in. by 5-in. rolled steel joist raker 80 ft. long, 
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which is supported by six compound steel stanchions at 12-ft. 
6-in. centies. 1 hesc stanchions are braced together by cross 
ties (Fig. 20). There are 112 frames dividing the stadium 
into an equal number of bays of 20 ft. width, and the con¬ 
crete steps are carried across these bays on 9-in. by 3-in. 
rolled steel channels, of which there are thirty-three to each 


Fig. 20.—Guniting Supporting Frames to Terracing at White City 

Stadium. 

bay. In addition, the frames are interbraced by longitudinal 
ties. 

As the result of an inspection of the stadium in 1932 it was 
decided to recondition the structure by encasing the stanchions, 
rakers, etc., in concrete, and these were strengthened to carry, 
in addition to the added dead load of the new concrete encase¬ 
ment, a live load of 100 lb. per square foot on the terracing. 
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Encasement of the vertical stanchions, longitudinal ties, and 
cross ties was straightforward work, and after the steel reinforc¬ 
ing bars had been placed in position the shuttering was fixed 
and the concrete poured in the usual way. 

The encasement of the rakers and the riser channels, parti¬ 
cularly the former, would have presented some difficulty if 
executed by ordinary concreting methods, as in order to ensure 
a sound job it would have been necessary to remove the 
concrete treads, a very expensive and inconvenient operation. 



Fig. 21. Reinforcement in Position ready for Guniting Steelwork at 
White City Stadium. 


It was therefore decided to encase these members in gunite, 
which not only overcame this difficulty but also permitted, 
in the case of the rakers, the use of a lighter section which, 
without detracting from strength, had the added advantage 
of saving considerable dead weight. 

The process of encasing the rakers in gunite was carried out 
as follows. After all rust and scale had been cleaned off 
with scrapers and wire brushes the web of the joist was drilled 
for the purpose of fixing the reinforcing bars. The reinforce¬ 
ment, consisting of f-in. and |~in. diameter steel bars and a 
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6-in. by 3-in. by 10 gauge electrically welded steel fabric, was 
fixed in place, and timber shooting strips were fixed along the 
top and bottom flanges of the joist in order to assist in obtaining 
true lines and arrises (see Fig. 21). 

The gunite, consisting of a mix of 3 parts sharp washed sand 
to one part of Blue C ircle Portland cement, was then shot into 
position in three applications. The first application to the sides 
of the raker thoroughly encased the web and flanges of the 
joist and all the reinforcement (Figs. 22. and 23). The gunite 
thus placed was then screeded over to bring it to its true shape 


Fig. 22.—Guniting Steelwork at White City Stadium. 


and the second application or flash coat was then applied. 
This flash coat was for the purpose of filling in any small 
indentations which might have been left from the screeding 
and to give a good finished appearance. 

When the gunite had thoroughly set the shooting strips were 
removed and the bottom flange of the raker or soffit of the new 
beam was shot into position, thus completing the gunite 
encasement of the raker (Fig. 24). 

The condition of the 9-in. by 3-in. riser channels was found 
to be very good, only slight rusting having taken place, and 
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they were encased with a view to preventing further corrosion 
and also to eliminate the annual expenditure on maintenance, 
the painting of these channels, of which there were approxi¬ 
mately 70,000 lin. ft., being a very costly operation. 

Filling-in the front of the channels was carried out very 



Fig. 23.—Guniting Steelwork at White City Stadium. 


rapidly, as much as 1,000 lin. ft. of channel being covered in 
a day, while the covering of the channel backs, which were 
protected with gunite to a thickness of 1 in. and reinforced 
by a light wire mesh, also proceeded very rapidly. 

A view of the channel backs showing the wire mesh in place 




Fig. 25.—Guniting from a Portable Tower at White City Stadium. 


Fig. 24 . — Completion of Gunite Encasement of Steelwork at White 

City Stadium. 
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is seen in Fig. 22, while a general view of part of the stadium 
showing the guniting of one of the channels from a portable 
tower is shown in Fig. 25. 

The gunite work was carried out by The Concrete Proofing 
Co., Ltd., for Messrs. W. J. Cearns, Ltd., the main contractors 
to the Greyhound Racing Association for the conversion of the 
stadium from a steel-framed structure into one of reinforced 
concrete. 


CHAPTER VI 


TEST RESULTS 

To enable engineers who are unfamiliar with gunite to 
make a comparison between its physical properties and those 
of ordinary concrete used in reinforced or mass work, results 



Fig. 26.—Adhesion Test on Gunite Lining to Mersey Tunnel, proving 
that the Gunite Lining has Greater Strength than the original 
Concrete. (See pp. 46 and 47 .) 


of tests made on specimens of gunite taken from several im¬ 
portant contracts are reproduced. Particular interest attaches 
to the test of the tensile strength of gunite, since the results 
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give positive proof that there is no possibility of tension cracks 
in work of this nature. 

Adhesion tests have shown that the bond obtained when 
gunite is shot on to concrete is greater than the strength of the 
original concrete (Fig. 26), while working stresses of 1,500 lb. 
per square inch in compression and 120 lb. per square inch in 
tension can safely be employed. Notes on adhestion tests are 
given on page 46. 

Weight of Gunite. 

The average weight of unreinforced gunite is 142 pounds per 
cubic foot, which corresponds to a specific gravity of 2-27. 
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TENSILE TESTS 

From Messrs. Burstall & Monkhouse, 

14 Old Queen Street, 

London, S.W.i. 

To Messrs. Ti-ie Concrete Proofing Co., Ltd. 
Mersey Tunnel Approach, 

Chester Street, 

Birkenhead. 

24 th February , 1933. 

Dear Sirs, 

Referring to your letter of 20/1/33 and to the previous 
correspondence, we received two slabs of concrete from you 
on January 23rd. 

We have had specimens cut from these slabs of the shape 
shown on our drawing G 451, a copy of which was sent you 
on January 6th, 1933, and the specimens from each slab have 
been kept distinct. 

Considerable difficulty and delay was experienced in cutting 
out the specimens owing to the hardness of the pebbles and in 
consequence we did not receive the specimens back from the 
marble mason till this week. 

We were informed by you that the slabs were shot on 
January 17th. 

We have tested the specimens cut from the slabs to determine 
the tensile modulus of elasticity and the tensile strength, and 
give the average results from each slab below : 

First Slab tested on February. 20 th, or 34 days after being shot. 


Range of stress 

Modulus 

Tensile strength 

per sq. inch. 

lb. 

per sq. inch. 

lb. 

Millions. 

lb. 

O-250 

20-8 

— 

250-4OO 

67 

— 

400-600 

5*4 

575 


Second slab tested on February 22nd, or 36 days after being shot. 

0-250 25-0 — 

250-400 6*o — 

400-550 3*4 5H 

We found when tested for elasticity that the material did 
not obey a straight line law. The modulus decreased as the 
stress increased. 

Yours faithfully, 

[Signed) Burstall & Monkhouse. 
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ADHESION TESTS 

Some interesting tests on the adhesion of gunite to concrete 
were carried out in the Mersey Tunnel under the direction of 
Messrs. Mott, Hay & Anderson, the engineers to the Mersey 
Tunnel Joint Committee. 

A piece of tarred paper, 2 ft. square with a 9-in. diameter 
hole cut centrally in it, was fixed on to the concrete wall of the 
tunnel. A small sheet of reinforcing mesh, also 2 ft. square 
and consisting of -^--in. diameter rods at 3-in. centres in both 
directions, was next fixed on top of the paper, the mesh being 
lightly attached to the wall at its four corners by means of 
Rawlplugs and screws, and kept \ in. clear from it'. Three 
steel eyebolts were then wired to the mesh, and held at right 
angles to it. These were for the purpose (as will shortly be 
seen) of pulling the gunite slab off the wall, and they were 
placed within the 9-in. diameter circle in such a manner that 
the pull exerted by them would be evenly distributed over the 
area of the 9-in. circle. The gunite slab was then shot into 
place to a thickness of i-| in. over an area 2 ft. square, entirely 
covering the tarred paper, which prevented it obtaining any 
bond whatsoever to the concrete, with the exception, of course, 
of the part exposed by the 9-in. circle, over which area it came 
in direct contact with the concrete and was thoroughly bonded 
to it. When the slab was seven days old it was pulled from 
the wall by a wire bond attached to the eyebolts previously 
mentioned, and the force required to pull the slab from the 
wall was carefully measured. By dividing the amount of the 
pull by the area of the 9-in. circle it was hoped to ascertain 
the adhesive strength in pounds per square inch of the gunite 
to the concrete. On examining the slab after it had been 
pulled from the wall it was found, however, that the slab had 
taken some 2 in. thickness of the concrete wall away with it 
[see Fig. 26, page 41), and that the measured result in pounds 
per square inch did not therefore represent the adhesion 
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between the guniteand the concrete, but the adhesive strength 
of the concrete itself. The result, however, clearly showed 
that the bond between the gunite and the concrete was very 
much stronger than the strength of the concrete itself, and 
this was borne out by repeating the experiment on several 
occasions. In the background of Fig. 26 two other slabs 
can be seen, one of which is ready for the test to be made. 
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Gas works, Use of gunite in, 30 
Grouting, Cement, 5, 15 
Gunite, Specific gravity of, 42 
,, Weight of, 42 

Hackney Electricity Department coal bunkers, 
Lining to, 32 

Hoppers, Lining to coke, 30 
Insulating properties, 4 
Jetties, 4, 12 

Leakage of reservoirs, 7, 8, 10 
Limnora lignorum, Ravages of, 18 
Longridge Culvert, Repairs to, 2 7 


Maintenance of steelwork, 30 
Marine organisms, Ravages of, 17, 18 
,, structures, Reconditioning of, 12 
Materials, 3 
Mersey Tunnel, 21 
Mesh, Reinforcing, 3, 23, 32, 37 

Operation, Method of, 3 
Origin of gunite, 1 

Painting for maintenance, Elimination of, 30, 38 
Piers, Reconditioning of, 12 
Piles, Encasement of timber, 17 
,, Repair of concrete, 14 
Power stations, Use of gunite in, 30 
Pressure conduit, 27 

Rawlplugs, Use of, 24 
Reinforcement, 3, 23, 27, 32, 37 
Reservoirs, 4 

,, Leakage of, 7, 8, 10 

,, Lining to new, 10 

,, Reconditioning, 7, 8 

Resistance to abrasion, etc., 30, 31 

Sand, 3 

Sea Walls, Reconditioning of, 4, 14 

Shoeburyness Pier, Reconditioning of, 12 

Shuttering, Elimination of, 18 

Silos, Repair of, 4 

Snowcrete, Use of, 17 

Specific gravity of gunite, 42 

Stadium, Repair of, 34 

Steel blinkers, 4, 31 

Steel chimneys, Lining to, 4 

Steel, Rusting of, 12 

Steelwork, Abrasion of, 30 

„ Encasement of, 17, 34, 36 
,, Loss of strength in, 31 
,, Strengthening of structural, 3, 34 

Tanks, Lining to, 4 
Tensile tests, 45 

Test results, 41, 42, 43, 44, 45, 46 
Tests, Adhesion, 41, 42, 46 
„ Compression, 43, 44 
,, Tensile, 45 

,, of water-tightness in reservoirs, 9 
Thirlmere Aqueduct, Lining to, 25 
Timber piles, 17 
'lower, Repair to water, 9 
Tricosal waterproofer, Use of, 10, 11, 24 
Tunnels, Lining to, 4, 21 
„ Cast-iron, 25 

Walls, Reconditioning of sea, 4, 14 
Washers, Lining to gas, 4 
Waterproofer, Tricosal, 10, n, 24 
Water-tightness tests in reservoirs, 9 
Water tower, Repairs to, 9 
Weight of gunite, 42 

„ Saving in dead, 36 
White City Stadium, Repairs to, 34 
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Ti-ie Concrete Proofing Co., Ltd., is one of the leading cement 
gun organizations in this country, and can place a wide field 
of experience in gunite work at the disposal of its clients. The 
Company’s technical personnel is exclusively composed of civil 
engineers with extensive experience on public works construc¬ 
tion, who are competent to discuss any problems of design, 
execution, or technique, that may arise in their work. 

The Company maintains depots in the principal industrial 
centres, and employs a permanent staff of skilled operators 
for the execution of its contracts. It is therefore in a position 
to undertake cement gun work of any description or magnitude 
in any part of the country. The Company will be pleased to 
supply detailed information, and to prepare schemes and 
estimates for proposed work on request. 

ioo Victoria Street, 

Westminster, S.W.i. 



Specialists in 

G U N I T I N G 


AND THE 


CEMENT GUN 


HE foregoing pages describe a few of the more 



interesting of the structures which have been 
strengthened, repaired and waterproofed with the use 
of the gunite process by The Concrete Proofing Co., 
Ltd. Our advice and great experience are at the dis¬ 
posal of engineers or building owners seeking a sound 
and economical method of treating defective structures. 


THE CONCRETE PROOFING CO., Ltd. 

100 Victoria Street, Westminster, London, S.W.1 
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